Haemophilus influenzae acquires iron from the iron-transporting glycoprotein transferrin via a receptor-mediated process. This involves two outer-membrane transferrin-binding proteins (Tbps) termed T b p l and Tbp2 which show considerable preference for the human form of transferrin. Since the Tbps are attracting considerable attention as potential vaccine components, we used transferrin affinity chromatography to examine their conservation amongst 28 H. influenzae type b strains belonging to different outer-membrane-protein subtypes as well as six non-typable strains. Whole cells of all type b and nontypable strains examined bound human transferrin; whilst most strains possessed a T b p l of approximately 105 kDa, the molecular mass of Tbp2 varied from 79 to 94 kDa. Antisera raised against affinity-purified native H. influenzae TbpllTbp2 receptor complex cross-reacted on Western blots with the respective Tbps of all the Haemophilus strains examined. When used to probe Neisseria meningitidis Tbps, sera from each of four mice immunized with the Haemophilus TbplR complex recognized the 68 kDa Tbp2 of N. meningitidis strain B16B6 but not the 78 kDa Tbp2 of N. meningitidis strain 70942. Serum from one mouse also reacted weakly with T b p l of strain B16B6. Apart from a weak reaction with the Tbp2 of a serotype 5 strain, this mouse antiserum failed to recognize the Tbps of the porcine pathogen A. pleuropneumoniae. However, a monospecif ic polyclonal antiserum raised against the denatured Tbp2 of Neisseria meningitidis B16B6 recognized the Tbps of all Haemophilus and Actinobacillus strains examined. Since H. influenzae forms part of the natural flora of the upper respiratory tract, human sera were screened for the presence of antibodies to the Tbps. Sera from healthy adults contained antibodies which recognized both T b p l and Tbp2 from H. influenzae but not N. meningitidis. Convalescent sera from meningococcal meningitis patients contained antibodies which, on Western blots, recognized the Tbps2s of both pathogens. These data demonstrate the existence of shared epitopes on the Tbps of H. influenre, N. meningitidis and A. pleuropneumoniae despite their transferrin species specificity.
INTRODUCTION
The transferrins are mammalian iron-binding glycoproteins which bind Fe3+ with high affinity and specificity.
Their primary physiological function is to transport iron from sites of assimilation and storage to sites of utilization. Human transferrin is present in serum at a concentration of approximately 30 pM and is around 30 % saturated with iron (Williams & Griffiths, 1992) . Consequently,, the concentration of free ionic iron in extracellular tissues is far below that required to support the growth of most micro-organisms. Faced with severe iron deprivation, pathogenic bacteria have generally adopted one of two specialized systems for scavenging iron from the host. The first, and perhaps best understood at the molecular level, involves the export of low-molecular-mass iron chelators called siderophores which remove iron from transferrin and transport it back into the bacterial cell by means of specific iron-regulated outer-membrane protein receptors (Wooldridge & Williams, 1993) . Siderophoremediated iron transport is characteristically employed by pathogens such as Escbericbia coli, Klebsiella, Salmonella, Sbigella and Psezrdomonas spp. The second mechanism relies on the direct binding of transferrin to a bacterial cell surface transferrin receptor and is further distinguished from siderophore-mediated iron uptake by a marked host transferrin species specificity (Williams & Grifiths, 11-192 ; Cornelissen & Sparling, 1994) . For example, the transferrin iron uptake systems of Haemopbih inflzlnaae and Neisseria meningitidis, organisms which have no natural non-human hosts, are specific for human transferrin and discriminate against other mammalian transferrins (Morton & Williams, 1989; Schryvers & Morris, 1988) . In contrast Actinobacilhs (Haemopbilm-) plewopnezlmoniae is able to utilize iron from porcine but not human transferrin (Morton & Williams, 1989) despite the close amino acid sequence similarities of the respective transferrins. However, there are exceptions to this strict host species specificity. For example, Pastewella baemohtica, which can cause serious infections in cattle, sheep and goats, can sequester transferrin-bound iron from a broad range of ruminant transferrins (Ogunnariwo & Schryvers, 1990) .
Whilst the biochemical mechanism by which pathogenic bacteria acquire transferrin-bound iron via siderophoreindependent mechanisms has not been fully elucidated, several studies have demonstrated that the utilization of iron from transferrin requires a direct interaction between outer-membrane transferrin-binding proteins (Tbps) and the iron-binding glycoprotein (Morton & Williams, 1990 ; Holland et al., 1991 ; Irwin e t al., 1993; Gray-Owen e,t al., 1995 ; Cornelissen & Sparling, 1996) . Using transferrin affinity chromatography of detergent-solubilized membranes, two Tbps (Tbpl and Tbp2) can be purified from bacteria such as H. infaenxae (Schryvers, 1989; Holland e t al., 1992) , N . meningitidis (Schryvers & Morris, 1988) and A. plet/ropnez/moniae (Ricard et al., 1991) . Although the Tbps from several pathogens have been identified, and in some cases the corresponding genes cloned and sequenced, many questions regarding their structure and function have yet to be answered. Despite evidence demonstrating that the Tbps are expressed in vivo (Holland et al., 1992; Gorringe e t al., 1995) , their contribution to virulence has not yet been established. Nevertheless, since the Tbps of human pathogens, such as H. infMenxae and N. meningitidis, recognize and bind the same human serum protein, it is not unreasonable to assume that the Tbps contain conserved, surface-exposed regions. The vaccine potential of the Tbps is thus attracting considerable interest. Although there is heterogeneity between the molecular masses and antigenicity of Tbp2s from different N. meningitidis strains, common antigenic domains do appear to exist (Stevenson etal., 1992) . Clearly, if Tbps are to be incorporated into human or animal vaccines their antigenicity needs to be thoroughly investigated. In the present study we raised antisera against native Tbps as well as against peptides based on Tbp N-terminal sequences to evaluate the antigenic relationships amongst the Tbps of (i) H. infiwnpae strains belonging to different outer-membrane protein sub-types and (ii) H. influnxae, N. meningitidis and A. pletlropneumoniae. Given that Haemopbilgs species are common commensals of the nasopharynx (Turk, 1984) , we also sought to determine whether crossreactive antibodies to the Tbps were present in (i) sera from healthy adults and (ii) convalescent sera from patients recovering from Haemopbilz4s or meningococcal meningitis.
Bacterial strains and growth conditions. Twenty-eight H. injuenpae type b strains belonging to different outer-membrane protein sub-types (Table l) , were kindly provided by D r L. van Alphen (Department of Medical Microbiology, University of Amsterdam, The Netherlands). Six non-typable H. injuenxae strains and four Actinobacillus (formerly Haemophilw) pleuropneumoniae strains were obtained from D r P. Langford (Department of Paediatrics, St Mary's Hospital Medical School, Imperial College of Science and Technology, University of London, UK). All bacteria were grown with aeration at 37 "C in the appropriate medium rendered iron-restricted by the addition of 100 pM ethylenediamine di-o-hydroxyphenylacetic acid (EDDA). Haemophilus strains were grown as described by Williams & Brown (1986) , in brain heart infusion (BHI) broth supplemented with 2 pg PNAD ml-' and 0.5 pg protoporphyrin I X ml-' ; A. pleuropneumoniae strains were grown in a medium based on that described by Niven et al. (1989) , which consists of 2 YO (w/v) tryptone, 0.5 YO (w/v) yeast extract, 100 mM NaC1, 10 mM KC1, 10 mM Na,HPO,, 10 mM glucose, PNAD to a final concentration of 5 pM and the pH adjusted to 7.4 with KOH. N . meningitidis strains Bl6B6 and 70942 were grown in Mueller-Hinton broth with or without EDDA (40 pM) as described by Stevenson e t al. (1992) .
Solid-phase dot enzyme assay. The ability of whole bacterial cells to bind transferrin was evaluated by using the dot enzyme assay described previously (Morton & Williams, 1990) . Briefly, whole bacteria were suspended in 10 mM Tris/HCl (pH 7.4) to an OD,,, of 1.0, and 5 p1 aliquots were spotted onto a nitrocellulose membrane. Dot blots were dried at room temperature, blocked with 1 % (w/v) skimmed milk and probed with either a human transferrin-horseradish peroxidase (HRP) conjugate (Stratech Scientific) or biotinylated porcine transferrin or biotinylated bovine transferrin, each at a concentration of 50 ng m1-l. Porcine and bovine transferrins obtained from Advanced Protein Products and Sigma respectively were labelled with N-hydroxysuccinimidobiotin as described by Morton & Williams (1 990). Secondary detection of biotinylated proteins was acheved using a streptavidin-peroxidase conjugate. Dot blots were developed with 4-chloro-1 -naphthol (25 pgml-') and 0.01% (v/v) H,O, in 10 mM Tris/HCl (pH 7.4). Conservation of transferrin-binding proteins Stevenson et al. (1992) . Briefly, bacteria (50 ml) were harvested by centrifugation and resuspended in 15 ml of buffer [50 mM Tris/HCl, pH 7.4 containing benzamidine (50 pg ml-l) and PMSF (50 pg ml-I)]. Cells were broken by sonication and whole membranes collected by centrifugation (40000 g for 60 min, 4 "C) and resuspended in 1 ml of buffer (50 mM Tris/HCl and 100 mM NaC1, pH 8.0). Biotinylated transferrin (25 pg ; human or porcine depending on the organism) was added and, after incubation for 60 min at 37 "C with gentle shaking, the cell envelopes were pelleted and resuspended in 1 ml extraction buffer [SO mM Tris/HCl, 100 mM NaCl pH 8.0 containing 2 % (w/v) sodium N-lauroyl sarcosinate (Sarkosyl) and 1 mM EDTA]. After 30 rnin incubation, insoluble material was removed by centrifugation and 50 pl streptavidin-agarose beads (Sigma) was added to the supernatant. Following a 60 min incubation at room temperature, the beads were pelleted and washed twice with each of the following solutions : (i) 50 mM Tris/HCl pH 8.0 containing 1 M NaCl and 0.25 mM EDTA, (ii) 50 mM Tris/HCl pH 8.0 containing 1 M NaCl and (iii) 50 mM Tris/HCl pH 8.0 containing 100 mM NaC1. Tbpstreptavidin-agarose beads were used either directly to raise antisera or treated with SDS-PAGE sample buffer prior to electrophoresis.
Affinity purification of transferrin
Sera. Antisera against the native transferrin receptor complex were obtained by immunizing BALB/c mice with the Tbpl/ Tbp2-streptavidin-agarose bead complex prepared from H. influnpae type b strain 760705 as described above. For the first inoculation, 25 p1 of the Tbpagarose bead complex in normal saline was mixed with an equal volume of Freund's complete adjuvant and injected intraperitoneally ; subsequent doses were mixed with incomplete Freund's adjuvant. Mice received four immunizations at 2-week intervals. Monospecific polyclonal rabbit antisera against the 68 kDa Tbp2 of N. meningitidis 70942 (Stevenson e t al., 1992) and against synthetic peptides based on the N-termini of the N. meningitidis Tbpl (amino acids 1-21, i.e. ENVQAGQAQEKQLDTIQVKAK) and Tbp2 (amino acids 1-13, i.e. CLGGGGSFDLDSV) and linked to keyhole limpet haemocyanin (KLH) were raised in New Zealand White rabbits as described by Griffiths et al. (1993) . Normal human sera from ten healthy blood donors were kindly provided by Dr W. Irving (Department of Microbiology, University Hospital, Nottingham). Convalescent sera from Haemophiltls and meningococcal meningitis patients were kindly provided by Professor E. R. Moxon (Department of Paediatrics, University of Oxford, John Radcliffe Hospital, Oxford, UK) and Dr D. Ala'Aldeen (Department of Microbiology, University Hospital, Nottingham), respectively. SDSPAGE and Western blot analysis. Prior to electrophoresis, Tbps were desorbed from the streptavidin-agarose beads by incubation at 37 "C for 30 min in SDS-PAGE sample buffer without 2-mercaptoethanol (Holland et al., 1992) . Proteins were run on SDS-10 % (w/v) polyacrylamide gels and either stained with Coomassie blue or electroblotted onto nitrocellulose membrane. For evaluation of transferrin binding, Western blots were probed with either an HRP-human transferrin conjugate or biotinylated porcine transferrin or biotinylated bovine transferrin as described above for dot-blot assays. Western blots of the Tbps were also probed with mouse antisera raised against the H. influenpae Tbpl/Tbp2 complex (diluted 1 in 50) or rabbit antisera raised against the 68 kDa N. meningitidis Tbp2 (diluted 1 in 400) or rabbit antisera raised against N-terminal peptides of N. meningitidis Tbpl and Tbp2 or human sera (normal or convalescent; diluted 1 in 50). All sera were diluted in TBS, 0.3% (v/v) Tween 20, before use. Secondary detection of bound antibodies was achieved using protein A-peroxidase (50 ng ml-'; Sigma) and developed with 4-chloro-1-naphthol as above. As negative controls, Western blots were probed with protein A-peroxidase alone. In all cases, protein A-peroxidase did not react with either Tbpl or Tbp2 from any strain. For positive controls, the Tbps were affinity-purified and therefore their positions on SDS-PAGE gels were confirmed. Furthermore, the position of Tbp2 was always verified by probing the Western blot with transferrin. Mouse anti-Tbp complex serum was used as a positive antibody control serum.
RESULTS

Conservation of the H. influenzae Tbps
Whole cells of 28 H. infltlenxae type b strains belonging to different outer-membrane protein sub-types (Table 1) were spotted onto nitrocellulose and probed with a human transferrin-HRP conjugate. All of the strains bound human transferrin when grown under iron-restricted conditions, as did the six non-typable H. infltlenxae strains examined (data not shown). Transferrin affinity purification of Tbpl and Tbp2 proteins from representative type b and non-typable strains are shown in Fig. l(a: ). In 34 strains examined, Tbpl migrated with a molecular mass of approximately 105 kDa whilst the molecular masses of Tbp2 from each strain varied from 79 to 94 kDa (Table 1 ). In general, after Western blotting and probing each of the strains with HRP-labelled transferrin, only Tbp2 renatured to bind human transferrin ( Fig. lb) although in a few cases weak binding to Tbpl was also observed (Fig. lb, lanes 4 and 6) .
Antigenic relationships amongst the H. influenzae and N. meningitidis Tbps
To evaluate the antigenic conservation of Haemophiltls Tbps, antisera raised against the agarose-beadimmobilized native transferrin receptor complex of the type b strain 760705 were raised in mice. On Western blots, antisera from four different mice recognized both Tbpl and Tbp2 of the homologous strain 760705 as well as both Tbps of all the other H. infltlenxae type b and nontypable strains examined irrespective of their molecular mass ( Fig. 2a ). When used to probe the meningococcal Tbps, sera from each mouse recognized the 68 kDa Tbp2 of N. meningitidis strain Bl6B6 (Fig. 2b) but not the 78 kDa Tbp2 of N. meningitidis strain 70942 (data not shown). One sample of antiserum also reacted weakly with Tbpl of strain Bl6B6 (Fig. 2b, lane 4) .
We have previously shown that, on Western blots, a monospecific polyclonal antiserum raised against the 68 kDa Tbp2 of N. meningitidis strain Bl6B6 Conservation of transferrin-binding proteins the Tbps of H. injzlenpae type b isolates belonging to the various outer-membrane protein sub-types as well as two non-typable strains. In all cases, the antiserum to the 68 kDa N. meningitidis Tbp2 recognized the Haemophilus Tbp2s (Fig. 3) . To explore further the antigenic relationships between the Tbps of N. meningitidis and H. influenxae, antisera raised against synthetic peptides based on the N-terminal sequences of Tbpl and Tbp2 respectively of N. meningitidis were used to probe Western blots of the Haemophilus Tbps. No cross-reactivity was observed with any of the Tbps from type b or non-typable H. inflzlenxae strains with either antiserum (data not shown).
Antigenic relationships amongst the Tbps of A. pleuropneumoniae, N. meningitidis and H. in fluenzae
The porcine pathogen A . plezlropnezlmoniae has previously been shown to bind and acquire iron from porcine transferrin but not from human or other mammalian transferrins (Morton & Williams, 1989 Gonzalez et al., 1990) . On dot blots, A. pletrropneumoniae strains belonging to serotypes 1, 3, 5 and 7 bound biotinylated porcine but not human or bovine transferrins (data not shown). Porcine transferrin affinity isolation yielded two Tbps ; the molecular mass of Tbpl was approximately 105 kDa in each strain whilst the molecular mass of Tbp2 was more variable, ranging from 65 to 70 kDa depending on the strain (Fig. 4a) . By desorbing the Tbps from the affinity beads in SDS-PAGE sample buffer at 37 'C, Tbp2, but not Tbpl, could be renatured to bind porcine transferrin (Fig. 4b) .
Given the specificity of the A . plezlropneumoniae receptor for porcine transferrin, it is conceivable that the crossreactivity observed between the N. meningitidis and H.
infzlenxae Tbp2s, which bind human but not porcine transferrin, was due to epitopes involved in the determination of this species specificity. Western blots of the A . pleuropneumoniae Tbps were therefore probed with antibodies raised against the denatured 68 kDa Tbp2 of N. meningitidis. Fig. 4(c) shows that the epitopes recognized by these antibodies are in fact shared by the Tbp2s of A . plezlropneumoniae. Interestingly, antibodies raised against the native Tbpl/Tbp2 complex of H. infEzlenXae reacted only with the Tbp2 of the A . plezlropneumoniae serotype 5 strain (data not shown).
To examine further the antigenic relationships between the A . pleuropneumoniae and N . meningitidis Tbps, antisera raised against synthetic peptides based on the N-termini of the meningococcal Tbps were used to probe Western blots of the affinity-purified A . plezlropnezlmoniae Tbps. For each of the four A . pleuropneumoniae strains examined, no cross-reactivity was observed (data not shown).
Naturally occurring antibodies in human sera recognize the H. influenzae Tbps
H. inflzlenxae forms part of the natural flora of the upper respiratory tract of 50-80 % of children and adults (Turk, 1984) . If Tbps are expressed during colonization and growth in healthy adults, then it is likely that antibodies will be present in their sera. T o explore this possibility, sera from eight healthy blood donors were used to probe Western blots of the affinity-purified Tbps of H. influenaae type b strain 760705. Fig. 5 shows that 6 out of 8 samples contained antibodies which reacted with both Tbpl and Tbp2. To determine whether these naturally occurring antibodies recognized the meningococcal Tbps, the three positive serum samples which showed greatest reactivity with the H. inflzteqae Tbps were used to probe Western blots of the Tbps of N . meningitidis strains Bl6B6 and 70742. No cross-reactivity was apparent (data not shown).
Convalescent human sera contain cross-reactive antibodies to the Tbps
Human sera from five cases of meningococcal meningitis reacted well with the meningococcal Tbp2 proteins from strains Bl6B6 and 70742 (Ala'Aldeen et al., 1994) . Fig. 6 shows that these sera also reacted with the affinity-purified Tbp2 from H. inflztenxae type b strain 760705 but not with Tbpl. Conversely, convalescent serum from a case of H. inflztenxae type b meningitis showed a strong reaction with the 68 kDa Tbp2 of N . meningitidis strain Bl6B6 (Fig. 6,  lane 6) .
DISCUSSION
The Tbps of several Gram-negative bacterial pathogens are attracting interest as vaccine components. Since both N. meningitidis and H. inflztenxae express surface receptors for human transferrin, this raises the exciting possibility that a single vaccine containing the Tbps could offer protection against both micro-organisms. However, if such outer-membrane proteins are to prove useful in this context then a thorough understanding of their conservation and antigenicity is required. In the present paper we have shown that the Tbps are conserved across all of the recognized outer-membrane protein sub-types of H. inptrenxae type b. In particular, the molecular mass of Tbpl (105 kDa) is much more highly conserved than that of Tbp2 (79-94 kDa, depending on the strain). This finding is supported by the deduced protein sequences from the H. inptrenpae t b p A gene (which encodes Tbpl), some five of which have now been sequenced and found to be 95-100 % identical (Loosmore e t al., 1996) . As with N . meningitidis, the molecular masses of the Haemophiltrs Tbp2s are much more variable, as are the deduced amino acid sequences derived from the tbpB genes which encode Tbp2s (Loosmore etal., 1976) . However, a comparison of the deduced protein sequences for type b and non-typable Haemophiltls Tbp2s does highlight regions of identical or similar sequence throughout the proteins. Despite the molecular mass heterogeneity of Tbp2, antibodies raised in mice against the native Tbpl/Tbp2 complex of H. infltrenxae type b strain 760705 cross-reacted with both Tbpl and Tbp2 of each of the 25 type b and non-typable strains examined. These data suggest that the Tbps of H.
infltrenpae are antigenically well conserved. This contrasts with the observations of Ala'Aldeen e t al. (1794), who noted that mouse antisera against the native Tbpl /Tbp2 complex of N . meningitidis recognized some but not all heterologous meningococcal Tbps after Western blotting. When used to immunize rabbits, the same native Tbpl/ Tbp2 complex elicited a very different pattern of crossreactivity in that the antibodies generated recognized only the Tbp2s of homologous and heterologous N . meningitidis strains (Ala 'Aldeen e t al., 1974) . This antiserum to the meningococcal Tbpl /Tbp2 complex showed no cross-reactivity with the Haemophiltrs Tbps (unpublished observation). However, antibodies to the native Haemophilzrs Tbpl /Tbp2 complex of H. infltrenxae recognized the 68 kDa Tbp2 of N . meningitidis strain Bl6B6 but not the 78 kDa Tbp2 of N . meningitidis strain 70742. One sample of mouse antiserum also reacted weakly with Tbpl of strain Bl6B6. Meningococcal strains 70942 and Bl6B6 belong to each of the two meningococcal families described by Rokbi e t al. (1993) , which are distinguished on the basis of the antigenic and genomic features of the tbp genes and gene products. Antisera raised in mice against the native transferrin receptor IP: 54.70.40.11
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Conservation of transferrin-binding proteins complexes thus provide some evidence for the existence of epitopes shared by H. inftlenpae and N . meningitidis.
Unlike Tbpl, Tbp2 can be renatured to bind transferrin after SDS-PAGE and Western blotting, although the H. iny7tlenxae Tbp2s are in general more thermolabile than those of N. meningitidis (Holland et al., 1992; Griffiths e t al., 1990) . This suggests that the transferrin-binding domain of Tbp2 is very stable to denaturation. Indeed, Vonder Haar e t al. (1994) identified a stable, N-terminal meningococcal Tbp2 domain of 270-290 amino acids which is involved in transferrin binding and can only be denatured by prolonged heating in the presence of SDS and urea. However, comparison of the amino-acid sequences of this domain in two divergent Tbp2s (those of Bl6B6 and M982) reveals only 43 % identity (Vonder Haar et al., 1994) . Furthermore, hybrid Tbp2 proteins can be constructed from highly divergent N. meningitidis Tbp2s, indicating that despite the extreme amino-acid divergence, it is possible to form a stable Tbp2 structure capable of interacting with human transferrin (Legrain e t al., 1993) . Such information provides further support for the existence of common conformational, surface-accessible structures involved in transferrin recognition in both N. meningitidis and H. inFtlenpae. Stevenson et al. (1992) showed that antibodies raised against the 68 kDa Tbp2 of N. meningitidis strain Bl6B6 (which had been isolated by preparative SDS-PAGE), cross-reacted with the Tbp2s of N. meningitidis, N. gonorrhoeae and four different H. inftlenpae type b isolates. In this study, we have shown that this antiserum strongly cross-reacts with the Tbp2s of all 25 type b and non-typable Haemopbiltls strains examined. Whether this antiserum recognizes epitopes within the stable transferrin-binding domain is not known. However, it is perhaps worth noting that on Western blots, this antiserum blocks the binding of human transferrin to the Tbp2 of H. inftlenpae strain 760705 (unpublished observation).
H. inftlenpae exhibits a remarkable preference for human transferrin and is unable to bind or acquire iron from porcine transferrin (Morton & Williams, 1989 despite the high degree of transferrin amino-acid sequence similarity. Given that the porcine pathogen A. pletlropnetlmoniae also possesses a species-specific transferrin receptor based on two Tbps it was of interest to determine whether the antigenic homology shared by the Haemophiltls and Neisseria Tbps related to their host transferrin specificity or to structural features common to Tbps but unrelated to host specificity. Porcine transferrin affinity chromatography of detergent-solubilized A. pletlropnetlmoniae envelopes yielded two Tbps. Tbpl had an approximate molecular mass of 105 kDa and was conserved in all strains examined. In contrast, the Tbp2 molecular masses varied between the serotypes (65-70 kDa) and Tbp2, unlike Tbpl, could be renatured to bind porcine transferrin after Western blotting. These findings are in general agreement with those of others. ( 1 991) described the purification of Tbps of 64 and 99 kDa. To determine whether the A. pletlropnetlmoniae Tbps shared any antigenic homology with those of Haemopbiltls and Neisseria, we probed Western blots firstly with antibodies raised against the native Haemophiltls Tbpl/2 complex. Apart from the Tbp2 of a serotype 5 A . pletlropnetlmoniae strain, no cross-reactivity was observed. However, antibodies raised against the 68 kDa Tbp2 of N. meningitidis strongly cross-reacted with the Tbp2s of strains belonging to A. pletlropnetlmoniae serotypes 1, 3, 5 and 7, providing evidence for the existence of a highly antigenically conserved region in the Tbp2s of all three pathogens. From the deduced protein sequences of the tbpB genes of N . meningitidis and H. injtlenpae it is clear that the mature Tbp2 protein has a conserved N-terminal amino-acid sequence, i.e. S/LGGG(G)SFDL/V, which is also reasonably close to the A . pletlropnetlmoniae sequence SGGKGSFDL. Thus, this N-terminal region could conceivably be the common antigenic domain recognized by the highly cross-reactive antiserum raised against the meningococcal B16B6 Tbp2. To evaluate this possibility, an antiserum raised against the first 13 N-terminal amino acids of the meningococcal Tbp2 was used to probe the Tbp2s of H. injtlenxae and A. pletlropnetlmoniae. Although this antiserum cross-reacted with the Tbp2s of meningococci belonging to both Tbp families and to Tbp2 of N. gonorrboeae (Griffiths et al., 1993) , no cross-reactivity with any of the H. injtlenxae or A. pleuropnetlmoniae Tbp2s was apparent. This suggests that either the common antigenic domain recognized by the antiserum to the meningococcal Bl6B6 Tbp2 is not the conserved N-terminal region or that the anti-peptide sera contain antibodies predominantly to peptide sequences beyond the first 9 aminoacid residues of Tbp2. When the deduced N-terminal amino-acid sequences of the Tbpl of H. injtlenxae are compared with those of N. meningitidis, N. gonorrhoeae and A. pleuropneumoniae there is little homology (Loosmore e t al., 1996; Gonzalez e t al., 1995) . When used to probe the H. inftlenaae and A. pletlropnetlmoniae Tbpls, an antiserum raised against the first 21 amino-acid residues of meningococcal Tbpl and which cross-reacts with the gonococcal Tbpl (Griffiths e t al., 1993) , showed no cross reactivity.
Ala 'Aldeen et al. (1994) have drawn attention to the variation in the immune responses to the meningococcal Tbps obtained using different methods of antigen preparation and in different host species ; these observations have important implications for the development of Tbps as vaccine components. Since both encapsulated and nonencapsulated strains of H. inftlenxae colonize the upper respiratory tract of up to 80% of children and adults (Moxon & Wilson, 1991) , it was of interest to determine whether natural exposure to this organism leads to the formation of antibodies to the Haemophiltls Tbps, especially since Griffiths e t al. (1985) have shown the presence of serum antibodies in adults, but not in infants, to the iron-regulated outer-membrane proteins of E. coli.
By screening sera from eight normal healthy adults, we observed the presence of antibodies to both Tbpl and Tbp2 of H. inJtlenpae. Interestingly, these antibodies showed no cross-reactivity with the Tbps of N.
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On: Sun, 30 Dec 2018 23:44:33 J. HOLLAND and OTHERS meningitidis. These naturally occurring antibodies therefore differ from those present in sera from infants recovering from Haemophilxr meningitis (Holland e t al. , 1992) which not only reacted with the Haemophilm Tbpl and Tbp2 but also reacted strongly with the 68 kDa Tbp2 of N. meningitidis strain B16B6. Convalescent sera from meningococcal meningitis patients have also been shown to contain fully cross-reactive antibodies to Tbpl and Tbp2 although the antibodies to Tbpl only recognized the native, non-denatured protein (Ala' Aldeen et al., 1994) . In addition, Gorringe e t al. (1995) demonstrated the presence of antibodies to meningococcal Tbps in a large number of N. meningitidis carriers and patients with meningococcal disease. Furthermore the authors indicated that human anti-Tbp antibodies were cross reactive between strains. Using the same meningococcal meningitis convalescent sera as used by Ala'Aldeen e t al.
(1 994), we found that antibodies which cross-reacted with the N. meningitidis Tbp2s also recognized the H. inflzlempe Tbp2s. These data provide further support for the existence of shared epitopes in Tbp2 despite the aminoacid sequence divergence of the Tbps of Haemophilxr and Neisseria and clearly strengthen the case for using Tbps as protective antigens which could offer protection against both pathogens. Indeed, for N. meningitidis, H. infwqae and A . pleuropnezmoniae, several groups have shown that vaccination with Tbpl, Tbp2, or both, can protect experimental animals from infection following challenge with the live homologous organism (Danve e t al., 1993; Gorringe et al., 1995 ; Lissolo et al., 1995 ; Loosmore e t al., 1996; Rossi Campos et al., 1992) . Further progress in this field will undoubtedly rely on a more detailed understanding of the antigenic domains within these ironregulated outer-membrane proteins.
